that can bring about clinical implications if associated with the retention of plaque, in turn resulting in periodontal disease. In an attempt to avoid periodontal disease, the removal and treatment of these enamel pearls, may be a necessity in some circumstances. A total of 45,785 extracted teeth from a human teeth bank were analyzed for the presence of enamel pearls. The most prevalent anatomical location of enamel pearls was the permanent maxillary first and second molar region. An association between the prevalence of enamel pearls and dental class (P < 0.001) was observed, most frequently in the maxillary molars. In the maxillary molars, the most prevalent anatomical location of enamel pearls in the first and second molars was the furcation between the distobuccal and palatal roots. Enamel pearls are a common observation in molars in general, but are most commonly found in maxillary molars. (J Oral Sci 52, 257-260, 2010)
Introduction
Enamel, which is normally restricted to the anatomical crowns of human teeth, may be found ectopically on the root, either as enamel pearls (1) or as cervical enamel projections (2) . The structure of the enamel is characterized as normal, but with considerable variations and irregular features that are most likely related to its ectopic development (3) . The size range of enamel pearls extends both above and below the resolution afforded by the naked eye (0.25 mm) (3) .
One theory of the enamel pearl etiology is that enamel pearls develop as a result of a localized developmental activity of a remnant of Hertwig's epithelial root sheath which has remained adherent to the root surface during root development. It is believed that cells differentiate into functioning ameloblasts and produce enamel deposits on the root. The conditions needed for local differentiation and functioning of ameloblasts in this ectopic position are not fully understood (3).
Structurally, not all enamel pearls are composed only of enamel; they can also contain dentin and a pulp horn and commonly extend from the coronal pulp chamber or root canal (4) . Pearls also may exhibit hypomineralized areas (3), but generally show a degree and pattern of mineralization, hardness, and chemical context that is similar to coronal enamel (5) .
Although bacterial plaque is the primary cause of the onset and progression of periodontal disease, anatomical factors (such as ectopic enamel) are often associated with advanced localized periodontal destruction (6) (7) (8) . Enamel pearls have been shown to facilitate the progression of periodontal breakdown, considering that the enamel covering of the pearl can preclude a connective tissue attachment and the anatomy of the pearl allows for the retention of plaque (6) . It could be observed that the smaller the distance between the cervical line of the enamel and the furcation vertex, the higher the chance of periodontal disease, even with the presence of minor enamel pearls (9) . Thus, not only the enamel pearl size, but also its topographic relation with the furcation may well be a contributing factor to periodontal disease. Therefore, early recognition of enamel pearls is important in the prevention of periodontal disease and possibly in the prevention of tooth malpositioning (7) .
Enamel pearls are usually found on the root surface of molar teeth; however, there are rare reports of these pearls occurring on the roots of maxillary premolars and incisors (10), and on rare occasions, these may actually be detected within the dentin (4, 11, 12) and in primary teeth (13, 14) .
The aim of this study was to assess the prevalence of enamel pearls on different types of extracted teeth from the Laboratory of Dental Anatomy, School of Dentistry, Universidade Federal de Minas Gerais, as well as to identify the most prevalent anatomical sites of these structures.
Materials and Methods
We analyzed a total of 45,785 extracted teeth from the human teeth bank of the Laboratory of Dental Anatomy, Department of Morphology, Institute of Biological Sciences, Universidade Federal de Minas Gerais (UFMG), Belo Horizonte, Brazil. A human teeth bank is a nonprofit institution that is associated with a college, university, or other such institution. Its purpose is to fulfill academic needs by supplying human teeth for research or for preclinical laboratory training for students.
All teeth were analyzed by one examiner. The enamel pearls were defined as an ectopic globule of enamel that was firmly adherent to the tooth root and that could be identified by the naked eye under direct light. Magnifying glasses and microscopes were not used. The age, sex, and race of the original donors could not be identified. The enamel pearls were most frequently observed in the permanent maxillary first and second molar regions. The descriptive statistical analysis was based on the calculation of proportions. To compare the frequency of enamel pearls among the different dental classes, the Pearson chi-square test (P < 0.05) was applied.
The present study was approved by the Research Ethics Committee of the Institute of Biological Sciences, Universidade Federal de Minas Gerais (ICB/UFMG).
Results
This mainly retrospective study presents the overall prevalence of enamel pearls in 45,785 extracted teeth. A total of 45,539 teeth were permanent, while 246 were deciduous. Of the permanent teeth, 20,218 were molars, 11,741 premolars, 5,666 canines, and 7,914 incisors. The total prevalence of enamel pearls was 0.82% (375 of 45,785 teeth). There was an association between the prevalence of enamel pearls and tooth class (P < 0.001) as they were most frequent in maxillary molars (Table 1) .
Within the molar teeth, 247 third molars presented 279 enamel pearls, 57 second molars presented 68 pearls, and 41 first molars presented 57 enamel pearls ( Table 2) .
The most prevalent anatomical location of the enamel pearls in the maxillary first molars was the furcation between the distobuccal and palatal roots (34 of 37 -91.9%), which, curiously enough, was the same location for the maxillary second molars (31 of 50 -62.0%).
In the maxillary first and second molars, enamel pearls were detected more frequently in the furcation between the distobuccal and palatal roots of maxillary first molars (43.03%), at the same location in maxillary second molars (39.24%), in the furcation between the mesiobuccal and Table 1 Distribution of teeth with enamel pearls, Belo Horizonte, Brazil palatal roots of maxillary second molars (13.94%), at the center of trifurcation of maxillary first molars (2.53%), and at the palatal root of maxillary first molars (1.26%).
Examples of two molars with enamel pearls found in this study are shown in Fig. 1 .
Discussion
The enamel pearl is an ectopic globule of enamel that firmly adheres to the tooth's root. The size range of enamel pearls extends both above and below the resolution afforded by the naked eye (0.25 mm) (3). The enamel pearl anomaly was first described in 1842 by Linderer and Linderer (14) . Since then, it has been referred to as an enameloma, enamel droplet, enamel nodule, enamel globule, enamel knot, and enamel exostoses.
The variation in the reported prevalence may reflect ethnic, racial, or national variations in the prevalence of the condition (10). Risnes (1) studied 8,854 extracted molars in Norway and reported that 2.28% presented enamel pearls, which were reported to occur more commonly on the roots of maxillary molars, especially the third molar, followed by the roots of mandibular molars.
Pederson (15) found a higher prevalence of enamel pearls in Eskimos (9.7%) than in other races (1.1 and 5.7%). The higher prevalence in a certain race could not be determined in this study, since the teeth of the bank were not classified by ethnicity. Another complicating factor is that the Brazilian population is very mixed. Even if the teeth were classified, the great mix of races in Brazil could render the result as uncertain.
The findings of Darwazeh and Hamasha (7), who reported that enamel pearls occur in 2.32% (48 of 2,064) of permanent molars when detected radiographically, is consistent with other studies that have reported a prevalence of 2.28% (1) but is higher than the 1.6% detected in extracted molar teeth by Sutalo et al. (16) , and the 1.71% found in the present study. An even lower prevalence has been reported in primary teeth (1, 4, 10) . Nevertheless, a remarkably high prevalence of 33% has been reported in a microscopic study of 44 deciduous teeth (13) . This may suggest that the prevalence of enamel pearls could be higher if the specimens were examined histologically rather than macroscopically or radiographically (16) .
Enamel pearls are usually found on the root surface of molar teeth; however, there are rare reports of these pearls occurring on the roots of maxillary premolars and incisors (10) . This study found an occurrence of enamel pearls in 0.22% of premolars and no occurrence in incisors. On rare occasions, these pearls may also be detected within the dentin (internal enamel pearl) (4, 11, 12) , showing a predilection for the premolar/canine region, and in primary teeth (13, 14) . In the present study, no occurrence in deciduous teeth was found. Complications arising from enamel pearls found in primary dentitions may include slower processes of enamel resorption, delayed exfoliation of the primary teeth, and/or deviation of the succedaneous tooth (14) . Radiographic interpretation and detection of the enamel pearl may be complicated by the superimposition of the developing permanent tooth, and their incidences may actually be higher than reported (14) .
Normally, only one single enamel pearl occurs on a (4, 10) . The present study identified 57 teeth with 2 pearls and only one tooth with three enamel pearls, all of which were molars. The study of Darwazeh and Hamasha (7) reported that enamel pearls are more common on the roots of mandibular rather than maxillary teeth, which contradicts findings from Risnes (1) and the present study. Moskow and Canut (10) found a higher prevalence of enamel pearls on maxillary third molars (approximately 75%), as was found in the present study.
On human molars, enamel pearls have a predilection for either the furcation or the furrow between incompletely separated roots (1,3) , particularly in the maxillary second and third molars (10), as was observed in the present study. Most cervical enamel projections appear on the buccal surface (2) .
Enamel pearls are a common observation in molars in general, but are most commonly found in maxillary molars. In the present study, the most prevalent anatomical location of enamel pearls for the maxillary first and second molars was the furcation between the distobuccal and palatal root.
